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1. The Environmental Protection Agency in 1976 specified that
by 1980 liquid discharge from human waste sources contain no
more than 200 fecal coliform (E. Coli) per 100 mL. Current
analytical techniques, Most Pr~bable Number (MPN) and Membrane
Filter (MF), require 72 hours and 24 hours, respectively, to
complete the analysis. The long analytical time prohibits
close monitoring of waste water treatment devices. Therefore,
a research investigation was conducted to develop a technique
for rapid (approximately one hour) measurement of coliform
bacteria in the laboratory . Enclosure (1) is a report of the
investigation which was jointly funded by the Navy and Army
(David W. Taylor Naval Ship R&D Center; Naval Construction
Battalion Center , Civil Engineering Laboratory ; Office of Naval
Research; US Army Mobility Equipment R&D Command ; and US Army
Medical Bioengineering R&D Laboratory).

2. The technique developed and reduced to practice during this
investigation is based on the abili ty of live coliform bacteria
to synthesize an enzyme that decomposes lactose or a structurally
similar compound. In the procedure developed , such a compound
is used to induce the bacteria to synthesize that enzyme. This
is followed by diffusing into the bacteria another compound con-
taining fluoresceiri which is chemically bound to a lactose struc-
ture. When so bound , the fluorescein will not fluoresce. How-
ever, when the enzyme synthesized by the bacteria hydrolyzes
that compound, the fluorescein is released and will fluoresce
under incident light. After induction of enzyme synthesis, the
eff luent sample to be analyzed is atomized into microdroplets
which are suspended in silicone oil on a microscope slide.
Individual bacteria can be detected and counted in this manner
with a fluorescence microscope. A good correlation between the
percentage of fluorescent droplets in random fields of view and
the cell density in the bacterial suspension has been established
in the range of ~~~ to 1010 E. Coli per 100 mL. Possible methods
of concentrating suspensions of coliform bacteria were reviewed
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and a procedure based on co—centrifugation of the coliforms
with excess numbers of Staphylococcus epidermiclis was developed.
Coliform concentration up to 1000 times was achieved using a

• fixed angle centrifuge, lowering the detection limit to iø~
E. Coli per 100 mL.

3. Based on the above results , investigation is continuing to
(a) confirm the feasibility of the methodology using a wide
variety of wild coliforms , (b) confirm the feasibility of
detecting and quanti fying coliform at the 200 per 100 mL level,
and Cc) develop an instrumentation system for automating the
detection of coliforms. A technique involving li quid membrane
micro-encapsulation of the sample , plus flow cell counting of
fluorescent bacterial microbubbles contained in the sample will
also be investigated. If successful , this technique would
eliminate the need for concentration in order to reach a detec-
tion level of 200 coliforms per 100 mL .

4. Funding for continuation of the work is being provided by
the Office of Naval Research and US Army Mobili ty Equipment R&D
Command.

Copy to:
ONR , Code 443 (51 (1 . .

USAMBRDL (SGRD-UBG) ~•I
H. Bausum (5) 

• 

- •

USAMERADCOM (DRDME-GS) (5)  /
CEL (Code CJ4 ) I

C. linel (2) .
EPA (R. Matz)
DOl, Office of Water Research

& Technology (R. Madancy)
USCG CT. Scarano)
NMRDC CL. Doptis)
Tyndall AFB CE. Friert)
NAVSEA (SEA 0331F)
NAVSEA (SEA 04P)

• NAVSEC (SEC 6159).
NIOSH (L.R. Ha~~ is) (3)DDC (2

~~~~~~~

2



-

~~

I P~7~5 REPORT DOCUMENTATION PAGE R EAD INSTRUCTrONS

UUI4F~~ 2. GOVT ACCESSION NO. 3. RECIPiENT’S CATALOG PlUMB ER

s
~~ 

8_56J _________________________
1 4. TITLE (and SubitU.) 5. TYPE OF REPORT & PERIOD COVERED

,‘7~ I~~~EVELOPMENT OF A ~~ TH OD0L0 GY FOR THE \ Research & Development

I ~~~~ ~~~flTECTION 0 OLIFORM~~ ACTERIA~ J L PERFORMING OR~~~ REPORT NUMO~~R 
H

7. AUTH0R(.~~~~~~~_ — -  
5. CONTRACT OR GRANT .NUMBE (a)

I i~ ~~~ ~~~~~~~~~~~~~~~~~~~~~
F I ,. ORGAN IZATION NAME AND ADDRESS 10. PROGRAM E1 EMENT. PROJECT , TASK

AREA 4 WORK UNIT NUMBERS
BioResearch , Inc .  Program Element 62 765N
315 Smith Street -

~ Ta8k Area ZF— 57—5 12— 003

I Farmingdale , NY 11735 Work Unit 2860—101
II. CONTROLLING OFFICE NAME AND ADDRESS . EeP ~~~~1’-.f l ~LIE

Davi d W. Tailor Naval  Ship R&D Cente If May 78 1 —— -

Annapolis , Marylan d 21402 -I. 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I lb. MONITORING AGENCY NAME 6 AOORESS(II dlU.~ont Ito.. ConetolUng Offici) 15. SECURITY CLAS . dig

Unc las s i f i ed
‘
)
~~~~~~- • •

~~~~~ ~~~~~~~ ~~~ 
r
~
.7_ 30 /V~âJ~~ -) 0

)
1

I 1(1 
~ ~~~~~ .~~ I ~~~~~~~~ ISa. DECLASS FICAT IONIDOW NGRAO ING( / /I~ ,~~

._ .-—_._.—.. ..- .•• . .

IS. DISTRIB UTION STATEMENT (o f th I. R.povi) -

I DIST A~~~N~fl ~~~~~~ - ‘~~
Unl imi ted .  

~~~~~~~ fo~ public releaai2 
~ 
— —

I ~~~~~~~

‘ D~ati1buIion Unlimited ~~~~~~~~~~~~~~~~~~~~~~~~

I?. DIST RIDUTIO TATE MENT (.1 di. .b.ttact t.r.din Dl,ck 20, U dii f.,anI Ira., R.p. ,t)

i ~~~~~~~~~ D D C  
.

15. SUPPLEMEN TARY NOTES I
lb. KEY WOROS (Conilnu. on r.v.ri. old. II n.c.aaasv and ld .n I I Iy  by block numb.?)
Coliforni Bacteri a . - -

I B— D—g alac to s ida se
Fluorescence Detection
Coliforin Detection Technique 7 3~7~3 7 7~20. STRACT (Continu, on ,.v.ra. old. ii n.e.’.asp and ld.nUtv by block nu~~b.v)

A technique is described for the detection and quantifi —
cation of colitorm bacteria in less than 1—1/2 hours. The
detect ion,  me thod  is based ’ on the  presence  of B,~— D—ga 1acto sidas e

- ac t iv i ty  wi t h i n  th is  class of bacter ia .
The b iochemi cal reacti9ns exploi ted in the BioResearch H

fl rapid detection method are (1) induction of 6— galac tosidase
Ii vithin E. coli by the inducer isopropyl thio B—D—gaiacto—

pyrano s ide  ( I P T O ) ,  ~~) .  tr~~ns~~or t  of thc~~t1uor e e i n — ç n n 1 u f ~at~~e~

fl . DD ~~~~~~ 1473 EDITION OF I NOV 65 1$ OItSOLETE (Cont ‘d. Over)  Un class i t ied
SECURITY CLASSIFICATION OF THIS P405 (N~on Sal. 1ala.S~~

SM0~~3L F~ l466 O 1 

79 03 0]. 022
1
~ 

- 
~~ TT  -•--—

~:“-~~ ‘— ‘~ ,~
~~~~~~~~~~ 

__  _ _ _ _  __  _ _ _ _ _



ITn c 1~~~~~~ i i f 1 e 4
SECURITY CLASS IFICATION OF T 14$S PAGE (Who.. 0.1. inl.ro.O

z~• . 
‘substra te fluorescein  di B—D-galactopyran oside  ( FDa ) into the -

bacterial cells and (3)hydrolysis of the  substra te  to liberate
the fluorescent dye ?luorescein. This is .tollowed by the Idetection of the rluorescein dye , whose absorption and
fluorescence spectra are veil known. • • 

. 

. 

.“ - 

j

• 

.

-‘

- 
~~~

. .- ;‘ • -~~:.~- :  :. ~~~~~~~~~~ 
~

‘ :
•

‘ 

, 

• 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~

I , ’ • 

. .

. 
I

Unclassi f ied
sscurn,y CI.AS$IFIC4TION 0~~ THIS PA0*t ~ S~mP b~~e

I—.— , . . . 
‘ 

. , . . . . . ‘ . . , . - ‘ 
.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~k j~
”
~ j~~ :-, _ _



E

11 FOREWORD

I This report was prepared by BloResear ch , Inc. for
the Davi d U. Taylor Hava l Ship R and D Center (DT ISRDC),

r Anna p olis , MD. in accor dance with the requirements of
I Contract ‘~o. N-00600-77-C-1163. The period of perfor-

mance of th e contrac t wasSUtImber 3O , 1977 to May ji, 1978.
The objective of the program was the determination of theI • feasibility of a fluorescence technique for the rapid

J. detection of coliform bacteria.

F In addition to the David W . Taylor Naval Ship R and D
I Center , the follow i ng a9enc i es partici pated in funding

the research program; (1) U.S. Army Mobility Equipment
Researc h and Development Command (USIIERADCOM) , Ft. Selvoir ,
VA , (2) U.S. A rmy Medical Bioen 9 ineerin q Research and- Development Laboratory (USAMBRDL), Ft. Detrick , MD
(3) Naval Civil Eng ineering Laboratory (CEL), Port Huen eme ,• I C-A . and (4) Office of Naval Research (OrIR), Arlington , VA.

All measur ements and calculat ions contained herein[ are expressed in SI units.

The program was carried out by the B’f oelectrocheml stry

F Div is ion of Bio Research , Inc. Dr. A. M. Cunde ll , Mananer
• of the Mi crobiolo gy Department was the technical manager

of the pro gram. He was assisted by A. M. Pisani . Tech-

I 
nical sup port was provided by E. Findi .

I The principal technical monitor for the program was
Mr. Lynne Harri s (DT IISRDC). lIe was ass is ted  by Hr. Dan Lent[ (MERADCOM ) and Dr. Howard Bausum (USAMBRDL).
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GLOSSARY

Coliform bacteri a: Aerobic and facuitative an aerobic
gram-negat ive , non-s pore forming, rod-shaped bacteria

I that fermen t lac tose , wi th gas formation , within 48
- hours at 35°C, e.g., Salmonella sp p., Shiqella spp. and

Escherichia coil. They -Inhabit the lower intestine of
warm-blooded animals.

Escheri chla coil: The most well know n coliform
bacteri um.

Escheri chia co il Heotype: The strain of E. coil des’l g-
- nated as the culture maintained in culture co l lec t ions

as the representat ive of the organism for taxonomic
I purposes. The selection of a neotype usually implies
U that the organism is ph ysiologically typical of the

species.

~— D— galactos ldase: The Inducible enzyme that hydrolyzes
• lactose to glucose and galactose.

Staphylo coccus epidermidis: A gram—positive coccus
that lacks the enzyme 8-d-galactosidase . A non-patho-
genic inhabitant of the human skin.

FDG: Fluorescein di B-D-galacto pyranoside. Fluorogeni c
1.. substrate for B-D-galactosidase.

IPTG: Isopropy l thlo B-D— galactopyranoside. Inducer
I of B— D-galactosidase .

0MPG: O •Nitropheno l galactopyranos ide. Colorimetr i cI substrate for B-D-galactos ldase.

MPH : Most Probable Number determ ination. Statistical

I method for estimating the cell density of col i form bac-
teri a In the multi ple-tube fermentati on technique.

AT 
_ _  

_ _  _ _ _ _ _ _  
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I ABSTRACT

• 
A rapid (on the order of one hour) method for the

detect ion of co l i form bacter i a , based on ~-D-ga 1acto-
I sidase ac t iv i ty , has been invest igated.  This method
L Involves the induction of the enzyme in Escher lchia coil

Neotype using Isopropy i thio B-D-galactose (IPTG). A
cell sus pension of  the induced organisms is dispersed

I onto a modified microscope slide containing silicone oil ,
with an aerosol sprayer. W ithin the resultant microdrop-
lets , a fluorogenic substrat e , fluore scein-di B-D-galacto-
pyranos ide , is hydrolyzed by the coliform bacteria. The
libera ted fluorescein is concentrated within individual
otl—encpasu late d droplets , enablin g them to be visualized

f and counted wi th  a f luorescence microscope.  A good
correlat ion between the percentage of f luorescent drop-
lets in random f ie lds of vi ew and the cell density in the
bacterial sus pension has been established , in  the ran ge

I of lO 5 to 108 E. coil per ml . To calibrate the technique
against a standar d method for coliforms , the number of

- E. coli in samples were counted using both the Most
Probable Number , mul tiple tube fermentation technique
and plate counts.

- 

A comparison was mad e between the n umber of  coli-
forms determi ned by the rapid coliform detection method ,
p late counts o~ Eosin Flethyiene Blue and IlacConkey ’s
agars , multiple tube fe rmentation and membran e fi l ter
techn iques. The samples investigated were a cell sus-
pension of  E. coil Neotype and primary -treated sewage.

1 Possible methods of concentrating suspensions of
colIforrn bacteri a were reviewed and a procedure based on
co—cen tri fugation of the coliforms with excess numbers
of Staphy lococcus ep iderm id is w~is develo ped. Coliform •~ 

-

• concentra tion up to 1 ,000 times was achieved using a
fixed—an gle centri fuge.

*

I
I
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INTRODUCTION

Ra pid determination- of the leve l of coliform bac-
terla contamination has been a goal of microbiolo q ists
for many decades. The term rapid seems to have diffe rent
meanings to various investi gato rs trying to develop tech-

J niques to overcome the probl em . As defined herein , rapid
detection of coliform bact eria means detection and
quantification of the fi rst sample in less than two (2)
hours of elapsed time .

A preliminar y study of the problem of rapid coli-
form detect ion was ca r r ied  out under U.S. Navy Contract
N— 0 0i 67- 76 -M -82 06.  Th at  study de ta i l ed  most of the method-
ologies listed in the literature up to mid 1976. One
techn iq ue , involving enzyme mediated fluorescence , was) uncovere d that appeare d to offe r prom ise of being specific
to the detection of coil form bacteri a at the 2 per ml
level in less than two (2) hours . [This is the 1980
Environmental Protection Agency (EPA) discharge require-
men t , as speci  f led in the Federal Reg is te r  Vo l .  41 , #71
Page 15 , 324, Monda y, A p ril 12 , 1976.] Further , it
appeare d that the techn ique could be made specific to
fec al coliform bacteria as well.

As a resul t of the preliminar y study , -fi ve DOD
centers , i.e. , Davi d U. Taylor ?~ava l Ship R&D Center
(DTNSRDC), U. S. Army Mobility E quipment Research and
Develo pment Command (USt4ERADCOt ~) U. S. Army Medical
Bloen qineering Research and Develop m ent laboratory
(IJSAt1BRDL), Nava l Civil En gineerin g laborator y (CEL)
and Office of Flava l Research (ONR) funded a study to
evalua te the feasibilit y of the enzyme fluorescence
technique. Results of this feasibility study are
described herein.

- 

• • 
• 
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TECII?U CAL DISCUS~~ON 
-

Detection of col ifo rm b acteria within a water sam p le
is universally accepted as an in dication of focal con-

- tam ination of that sample. Coliform bacteria , esp ecially
Esche r ic h ia  co li , are used as if l d i c a to r s  of feca l  poilu-

f tion i n p reference to human bac te r i a l  pathog e ns or other
- 

- 

intes tinal b ac ter i a bec ause:

F 1) pathogenic bacteria may be emitted intermittently
I. or in sm a ll numbers , -

2) pa thogenic bacteri a may be fastidious in their
growth requirements , hence di fficul t to cul ture ,

3) E. coil are present in greater numbers than other

J Intestinal organisms that are readily cultured ,

4) F. coil survive longer in the envi ronment outside
I • the human in tes ti ne , but do not usually multiply
1- (1) (2). -

r Coi iform bacteria are defined as aerobic and -fac—
I ultative anaerobic gram-negative , non-s pore forming,

• rod-shaped bacteria that ferment lactose, with gas for-
• ,. nation , w Ithin 48 hours , at 35° C. (3) It follows from

the operational definition of coliform bacteri a that
they will possess the enzyme 13— galactos idase , which is
require~ to ferment lactose. This enzyme is synthesized
by the bacter i!~1 in response to the presence in the
envi ron ment of an inducer , which is usuall y lac tose
or some structurall y rela ted chemical compound. (The

- 
classical work on the induction of enzyme synthesis by
Pardee , Jacob and Monod (4) was concern ed wi th th e enzy me• B- galactos idase .) A coliform detection method , based on
the presence of 8-galactosidase actiyity within bacteria ,
shoul d therefore be feasible.

• The biochemical reac tion-s exploited in the Mo-
Researc h rapid detection method are 1) induction of B-
galactosidase within E. coli by the inducer isopropy i
thio B-D- galacto pyranoside (IPTG), 2) trans port of the

• fluorescein-con ju gated substrate fluoresc ein di 9-0-
galac topyranos ide (FDG) into the bacterial cells and
3) hydrolysis of the substrate to liberate the fluore s-

- cent dye fiuoresce in. This is fo l lowed by the detec-
— t ion of the f luoresce in  dye , whose absorpt ion and

- fluorescence spectra are illustrated on Figure 1.

- • The minimu m number of molecules of fiuore~ coin that
can be detected , based upon a conservative lO~~ moles

- 
- 

- per liter detection limit and a 10-12 liter droplet size ,
6 _ I  

-
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I can be est imated using the fo l lowing relationship.

I n~~~ A a V
I. where n = minimum number of fluores-

cein molecules require d for
detection

A = 6.023 x i~ 23 molecules per

1~ 
- 

- 
• mole (Avogadro ’s number)

- 

a = detection limit (moles per
liter)

I 
- V — volume of sample ( l i ters )

- hence , n = 6.023 x 106 mo lecu les

The time requi red to form 6.023 x 106 molecules of
fluorescein can be estim ated from the turnove r rate of
the enzyme B-D- qalactosidase , i.e., the number of
molecul es of lactose hydrolyzed per second , and a knowl—

- edge of the average number of enzyme molecules perI~ 
bacteri um.

t —

~ I w here  t time require d

$ = t ur n o v e r  of ~-D-ga lacto-
sidase (120 molecules per
se cond )

) p = number of molecules of
enzyme pe r  fully in d u c e d

• bacte ri um (500)

hence , ~ 100 seconds .

(In actual ity , t ra n s p o rt of t he f luorescent  su bst rate
— Into t he bac t e ri um via t he p e r m e a s e  sy s t em and  t he

diffusion of free -fluore s cein from the bacteri um may
be the l imiting factors. ]

- General Procedures Used
- 

The procedure adopted for the rapid detection of
col iform bacteri a ? Is based on the pioneerin g work of

N - Dr. Boris R o t m a n  t 5) of Brown Universi ty , w ho de veloped
techniques for the detection of single molecules of

I .
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1 B-D-galactosidase from ~~~. ~oli . Steps involved in the
I procedure are as follows :

1. Uninduced E. coil IPTG 
~ Induced E. coli

1. — Lactate — _____
2 FDG Permease FDG

I 
(outside) (Inside )

I 3. FDG ~-D-galactos i dase 
~~
- Fluorescein + ga lac tose

4. Fluoresce in (jnslde) .•

~~~~~~ 
Fluore scein (outsjde )

1 5. Excitat Ion + Fluorescein (outsider Fluoresce in
emission

I Although -f luoresce in Is highly f luorescent and can
I -  be detected at low concentrations, the amounts of fluo-

rescein that can be produced by a single induced bacter-
I 

lum will , under normal circumstances , be rapidly diluted
by the water surroundin g the bacteri um . Rotman solved
the dilution problem by containing one (or a small
number) of F. coil within microdrop lets of water sprayed
into and surrounded by silicone oil. Since fluorescein
and water are essentially insoluble in the silicone oil
used , dilution of the f luorescein released by the coi l -
form bacteri um is limited to the small volu me of the
microdroplet.  [Microdroplet volume s are typical ly
10 to 30 x lO~~ cm 3 .]

Di ffusion of FOG In t o  t he  b a c t e ria l  cell s a n d
diffusion of the liberated fluorescein out can be accel-
erated by treating the cell suspension with isoamy l
alcohol to perforate the cell membrane.

• Instrumentation

Fluorescence Microsco pe

I A Zeis s S t a n d a r d  15 micro s cope , equ ipped for trans-
mittance fluorescent light observation was used in this

r Investigation. The source of illum Ination was a 12 volt
Halogen -quartz light source , with a BG 38 excitation
filter and a 510 barrier filter. The light source was

7 
focused on the microscope slid e by an oil Immersion ,

-• 
dark field condenser. Optics used were a lOX , A chromat
objective lens and paired KPL l2.5X eyepieces. (See
Figures 2 and 3.)

I- _i
~~. ~~~

1- :
~



- - 

6 

-

- 

-

- 

• - 

— 

- 
- -

- 
_ 

- 

• 

~~~~~~~~~~~1R FILTER 

- 

-

F 
- - - 

_ 

,
,,
/..OBJECTIVE LENS

____  
- •

r EXC)TATJON ~~~ .. _
~~1 

- - 

•h FILTER

\ “— DARK-FIELD CONDENSER

I - . \ I~~~~~\ 
- 

_ 
-

_ 
-

LIGHT - 
_ 

-

SOURCE - 

-

SCHEMATIC REPRESENTATION OF THE FLUORSCENCE
- MICROSCOPE USED IN THE RAPID COLIFORM 

-

I: 
- 

- • DETECTION PROCEDURE 
-

- 

FIGURE 2

II - . - 
-

_

• 
• 

-

- 

- L-.
- ~ •. _________

~~ 
_ _ _  

-~~ ~:_ 
-



1 7

1
i I - -

I., ’

I

- 1 ~
- :~ -

• i • ~~~ 

L~ PPr.lIL h~~~~~~

IT 

-

- ZEISS STAN1~ART) 15 MICROSCOPE
I’ ‘ IT TEST SETUPL FIGURE 3

~~~~~~

:_—

~

- --- -_ 

~~~ T T~T~~~& 
~~~~~~~~~~~ 

—
~~ -



- 
8

Aerosol_ Spr
~

y an d_ t~od~ fied UlcroscQpe Slides

Droplets (diameter 5-30 pm) are produced by a simple
r~ - atomizer operat ed by ~l2 cias delive red at l3.8KPa (2Psi)

(Figure 4). Tapered capillary tubes for the atomizer are
constructed from py rex melting point tubes (outside diam eter

F 1.5 mm , wall thickness 0.25 mm). Ten centimr’tpr lenaths
are placed in a ~Jarish iq e PE-2 electrode puller and ex-
truded (magnet setting 3.5, heater settin g 4.0). The tip
diameter Is checked w i th  a microsco pe (b r iqht f ie ld  6 25X
magni fication) and tapered capillary tubes ,with tip
diameters below 20 um ,are cut  an d se lec ted for  use in  the
atomizer.

Darkf ield slid es are washed In acetor~e and  coate d
with silicone oil (Siliclad #J-600). Para fI lrn Is cut to

r cover the slide and a chamber In th~ sh eet of p ara fi l m ,
the  s i z e  of a coversl ip, is cut out. The slide and

- paraf ilm are warmed on a hot plate to seal the paraf lln -~to the sli de. The parafilm chamber is fill ed with 3-4
drops of silicone oil (SF-96(50)) and the slide p l aced

- 
on a strip of Indicator paper (pH 5.0).

The surface of the slide is sprayed with the bac-
terial sus pension us ing an atomizer. Spray character-
istics are checked by observing the color change of the
in dicator paper. A drop of silicone oil ~s p l aced  on
the cov erslip and the chamber closed. The slide Is in-
cuba ted for 15 minutes at 35°C. If necessary , the slide
can be centri fuged to expedite the settlem~n t  of t h e
drople t.

Rea gent  Prepara ti on

• Rea gents used for bacterial culturin g and enzyme
- analysis are listed below , a lon g w ith th e i r  p re p a r a t i o n

procedures.

1) Lactate Medium

K2HPO4 6.968 g

~~2 l’04 4.082 g

(Nil 4)2 SO4 l.004 g

I4gSO4 11120 0.098 g

Distil led Water 1000 ml
- Casamino Aci ds 40 pg/nI

Sodium Lac ta te  0.4%
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2) Induction Medium 
-

Isopropy l thlo 6-D-galactopy ranos l de (IPIG)

2 x iO~~ M in Lactate broth .

j 3) Phosphate Buffe r

DIssolve 34.0 g of KH2PO4 in 500 ml of d is t i l led
water , adjust pH to 7.2 with Ui NaOH , add 1.25 ml
of the above stock and 5.0 ml of 5% MgSO 4~ 7H 2 0 to
1000 ml of d ist i l led water .  -

4) Fluoresce ln-con jugated substrate fl uore scein-di (8-
D—galactopyranoside) (FDG) 2 x iO 3M in Lactate
med ium.

The FOG solution , as received from the manufac-
ture r , was found to be too impure for use. This was
confi rmed by spectro photometr i c analysis of the as-
receive d materia l . A sharp peak at 490 m~i indicated
that fluore scein was the principal contaminant.

The following paper chromatograph lc technique was
used to separate the FOG from the f luorescein. Ten
(10) mg of FOG was d isso lved In a minimal amount of
distilled water and loa ded onto the ori gin of a 20 x
20 cm. sheet of What man # 1 chromatography paper. A
descending mode was used , with the top layer of a
1-pentano l : l-propanol: water (40:11:15) mI xture as the
solv en t  f o r  up to fo ur days at room temperature . After
t h i s  p er iod  of t ime , the FOG moves one to two cm. from
origin and can be separated from fl uorescein , which
moves further from the origin. Location of the FDG is
determined by cuttin g narrow strips from each c ige of
the paper and expos In g them to an ultraviolet light
source (chromatograph y paper containing FOG will
f luoresce).  The sect ion of paper containing FOG is
dried at room tem perature . It -Is then eluted with dis-
til led water. The amount of FOG In the eluate can be
meas ured by the abosrbance of the solution at 224nm
wavelen gth in a UV spectrophotometer. (Fifty (50)
units of optical density corresponds to a 7.6 x l0 4M
solution.) The solution I s then ster i l ized by Milli-
pore filtration and store d In a freezer at -20°C.

A n enzyme assa y is used to determine the concen-
tration of FDG in a puri fied solution . The fol lowing
reagents are mixed and used in the FOG assay .

______ — 
_ _ _  

_ _ _  
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0.2 ml of FOG solution

0.2 ml of 0.2 M NaPO 4 b u f f e r , pH 7.2

0.02 ml of enzyme

r The mixture is Incubated for 4 hours at 37°C. To it is
added 1.6 ml of water and 0.01 ml of 511 NaO H . Concen-
tration is measured using the optical density of the
solution at 490 m~i. (Specifi c absorbance Is 1.36 for

[ l x l O — 3 M FOG.) 
-

J Inducti on of B-D-galactos ldase Activity

The Inducer IPTG was used at a concentration of
2 x l0 4M for the ind u c t ion of s u f f ic i e n t  ~-D-ga lacto-
s idase act iv i ty -In the E. coil for rapid FOG hydrolysis.
An incubation time for the In duction was determined by
measuring the initial rate of o-ni tropheno l—galactose
(ONPG) hydrolysis by an E. coil suspension containing
108 cells per m l, Incubated at 35°C for 0, 15 , 30, 45,
60, 180 minutes and 24 hours . O~1PG hydrolysis (3 x
10 3M in phosphate buffer) was measure d in a Beckman
Spectrophotometer by following the increased absorbance 

- •

at 420 nM for 5 mInutes. A plot of the increase in
absorbance per minute against InductIon time (Figure 5),
indicated that a 30 minute Induction period was suffi-
c ient to achieve an increased B—D - ga lac tos ldase
activi ty within the bacterial cells.

Test Procedure
E. coll Neotype (ATCC # 11775) was grown in a

lactate medium supplemented with casamino acids. The
lactate medium was l oop Inoculated with the E. coli
from a nutrient agar slant , Incubated -In a rotatory in-
cubator and • maintained at 35°C for 12 to 18 hours.
Cel l s , grown overnight on lactate broth , were refreshed
by being diluted with b roth (1 to 3) and returned to a
35°C incubator , so that the organisms would reenter the
log growth phase. Cells were harvested by centri fuga-
tion , resuspended In lactate broth cont aining 2 x 10 4M
IPT G, and incubated for 33 minutes to - Induce suf f ic ient
8—galactosidase activity for rapid FDG hydrol ysis.

[ Induced cell suspensions’ were cent ri fuged to re-
move IPTG and resuspended in lactate broth at cell
densities rangin g from 1O~ to 10

8 organisms per ml.
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AT 42O nm -

- PER MINUT E -
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II INITIAL RATE OF ONPG HYDROLYSIS BY A E.coli SUSPENSION
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- To 200 p1 o~ the bac ter ia l susp e ns ion  was added 25 ii1 of
a 7.4 x l0 f-I FOG solut ion (final concentration 1.5 x

- The mixture was stored on ice until the s l i de was  sp ra ye d
with the suspension. The surface of t he s i l i con e o i l i n

I the chamber was s prayed w i th  bac te r ia l  suspension -from a
1 - h e i gh t  of about 5 cm using an atomiz er with a 10-20 pm

diameter tapered capillary tube. (See Fi gure 6).

( After spraying, the chamber was sealed with a cover-
slip. FDG hydrol ysis ~-ias expedited by treatinn the cell
suspension with isoamy l alcohol pri or to spra y in g , (0.2 ml

I of i soa m y l a l co hol to 1 ml o f ce l l  sus pe ns i on )  to i ncreas e
per m eability of the bacterial cell wall.

j  Sprayed slides were incubated at 35°C for 15 minutes
I. an d then examined usin g a fluorescence niicrosco ne. Sin gle

coli forms contained within the sprayed m icrodropiets are
r readily visualized. Droplets containin n 2 coliforns have

2x the f l u orescence  of a s i n g l e  co l l for m , 3 colifor n s 3x
and so on. The best visualization of the fluorescent
droplets was obtained using a UG 38 excitation fi l ter and
a 510 n f-1 barrier filter in the left eyepiece. Using this

• technique , fl uo rescen t d ro p le t s  are su per i mpose d on th e
darkf ield Image. On each slide , 10 fields of view , hav in g
a diameter of 700 pm , were se l ec ted  a t ran d om , using the
low power objective lens (lOX magn ific ation). The tota l
nu mber of droplets and fluorescent droplets in the 15-20

- pm diameter size range was counted in each field. In
ad d i ti on , the ce l l  dens ity wi th i n  eac h ce l l  sus pens i on
was determined by plate counts on nutrient agar .

Usin g the techn i q ues o u t l i n e d a b ov e , three reolicate
determinations were run f~r five diffe rent coliforn den-
si ties between 10~ and l0~’ bacteri a per ml.

Test  R e s u l t s

A p l o t  of the percen ta ge of f l u o r escen t d ro p l et s per
field of view against the cell density of the E. coil
Fleotype determined by plate counts is shown on Finure 7.
It appears to be linear in the 106 to 5 x ~~ range (corre—
lation coef ficient = 0.76 ; line of best fit y = 2.93X -
38.0, estimate of the good of fit t = 2.86*,df = 23).

• (Details of the stat1~ tica 1 analyses are presented in the
Appen dix). As shown on Figure 7, quantification to the

• 1 l0~ coliforms /mi is feasible. Each determination took
- about 80 minutes to complete. This time was divi ded into

the dilu tion of E. coli suspension (2 minutes), IPTG in-
duct ion (30 minutes ), centrifu gat ion and resuspension
(10 minutes), addition of FOG and Isoany l alcohol (2 mInutes),
spra ying (1 minute), incu bation of the slide (15 minu tes)

• II and count ing of 10 fields of view on each slide (20 minutes).

J 
• * Slgnt ficant at the 5% leve l -

[j U . -
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To ensure that the rapid co l ifor m detect ion method could
be considered comparable to the MPFI multiple -tube fe rmenta-
t ion  techn iq ue for the c o u n t i n g  ~f to tal coi l-form numbers ,
the counts achieved by plate counts of E. coil rleotype on
nutr ient agar was compared - to the Coun ts In multipl e fer-

- I mentat ion tubes. Test results are shown on Finure 8. As
shown thereon , the re  is  a l i n e a r  r e l a t i onsh ip be tw een the
two E. col i fleotype countin g techni ques.

Since -it is a lar ge step from determining the coliform
numbers in cell suspensions of E. colt ‘leotype to the exam-
Ina tion of “rea l  wor l d” sam p les , the rapid coliform detec-
tion me thod was used to count coliforns in primary -treated
sewage , as well as E. coli suspensions. lumber s of coliform

- 
ba c t e r i a  w i th i n a raw sew ag e sam p le an d a cel l  sus p e n s i o n  of
E. coil Neotype were determined using the rapid coliforn
detection method , multiple tube fermentation and membrane
f i l ter tec hniq ues an d p la te coun ts on Eos i n ~7eth y l ene B l u e
and  U acCon key ’s agar. Figures 9 and 10 illustrate the apparatus
used for the latter techn iques . The sewage sample was collected

- from the primary treatment tank of the Islip Salvage Plant ,
Bab y lon , flew York. Suspended solids were removed by vacuum

— filtration throug h a Uhat inan #1 filter and centri fuged at
- 500 g for ten minutes. The sample was then processed using

standard techniques for total coliform determinations.

L A compari son of different coli form -countin g techniques
- was made usin g a sewage sample and a cell suspension of E. coil

~1eotype as a source of coliform bacteria. The techniques
• emp l oyed were the plate counts on Eosin ~1ethyiene Blue and

il acConk e y ’s agar, the MPN determination using the multiple-
• fermenta tion tube technique and the membrane filter technique .

The results are summarized in Table 1. The rapid detection
- metho d ov eres ti ma te d th e num ber of col if orm s In  th e sewa ge

sam ple and underestimated the number fn the E. coil suspen-
slon , compared to the other techni ques. A possible reason
for the hi gher coil -form numbers with the rap id detection

• method is the presence of 8-galactosidase -positive organism s

E within the sewage that do not grow on the selective media
-
• used in the other techni ques. In contrast with an E. coil

sus pension , repair mechanis ms may operate with the platin g
and multi ple -fe rmentation tube techni ques that do not occur
-In the ra pid coliform detection method. However , no con-

• clus ion about the correlat ion between the five techni ques
• can be established on the basis of two determi nations.

The results appear to lie within the error Inherent in
these techni ques.

fl 
- -
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I. TABLE 1 -

- Comparison of diffe rent coliform counting techniques.

Technique Coliform Counts

J (organisms per ml)

Primary E. coli
Sewage Sample Neotype

Plate counts
a) MacConk ey ’s agar 3.2 x 106 1.5 x io 8
b)  Eos ln t i e t h y l e n e

Blue agar 3.4 x 1O~ 1.3 x 10~

MP U 2.5 X iO~ 1.8 x 108
- 

Membrane fil tration 6.0 x iC)4 
• 

1.3 x 108

h Rapid detection 8.2 x i~
6 6.5 x

Durin g experim entati on to construct a standard
curve of the relationshi p between the percentane of

I fluorescent droplets per field of view for coliforn
-I suspensions containing 108 and iO~ orga h i sm s  per ml

and pla te counts of the number of oraanism s I-n those
suspens i ons ,  a ser ies  of co l t  form sus pens ions of Un-
known  cell density were inc luded in the runs. flata
on the level of agreement between the two techni ques

• are containe d in Table 2.
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~ I Con centration of Bacteri a

The preceding test results indicate that the
fluorescence approach can Indeed detect and quantify
bacteri a -In the >l0~ cells per ml level in less than
2 hours . Although the test procedure can detect a
single bacteri um , it becomes a problem of statisti cs
In finding 2 bacterI a In 1 ml of water , if we are to
meet the detection leve l required by EPA regulations.
Two methods have been proposed to meet the problem of
qua nt i fying the fluore s cence technique at the 2 per ml
concentrati on level. The fi rst method involves concen-
t r a tlo n  to the > 1O~ level , usin g centrifugation. The
second method  Involves automatic scanning of a one (1)
ml sample. Only the fi rst approach has been investi-
gated unde r this contract .

Concentrati on by Centri fugation

Col i form suspension , with numb ers l ower than 106
organ Isms per m l , can be concentrated by a nove l
centri fu gation technique . The te chnique involves the
addition of cells of the organism Staphylococcus ~j~j—dermidis to the coliform suspensions . (Optical density
0.6, final concentrat ion ,lOo cells per ml.) The
mi xed cell populations are then harvested , as a fi rm
bac te r i a l  pe l l e t ,  by centrl fugation (12,000 g fo r  ten
minutes at 8°C). Pellets are recove red by -being cut
out from thin-walled polycarbonate centri fuge tubes and
resus pended in min imal vo l umes of buffe r, to ach ieve
the maximum con centrat ion .

The co-centr ifugat lon of E. coi l Neot ype w i t h
!~iphy1ococcus ep idermid is as descr ibed above , proved
to be a viable proce dure for the concentr ation eof coi l-
fo rm bacteri a to a suff ic ient ce l l  density (100 orga-
nisms per ml) to be counted by the rapid coliform detec-
tion method. Details of three concentra tion experi ments
are outlined -In Table 3. [Concentration and percen tage

r recove ry was determined by plate counts on selective
J media  like MacConkey ’s agar which permit the growth 0f

E. coil but not StaDh. epidermidis.]
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) TABLE 3

• Concentration of ~~ . ~~]~1 I leoty pe U s i n g

1 Co-centri fugatlon with Staphylococcus epi dermi dis

I. Theore t ica l  Cell  Densi ty Actual Percent
Concen tration (Organisms /ml) Concentration Recovery

• 
j - 

Initia l Fina l
- 5x l.3x10 4 6.4x104 -4.9x 98%

80x 1.4x104 7.9x105 75.9x 97%

l000x L0x103 4.2xl 06 4200x 384%

• These resul ts indicate that centrifu qat ion may be a
feasible procedure for the concentration c-f coliform
bacteria for th e r a p i d  c o l i f orm de tec t ion  me tho d , a t l eas t
dow n to the iO~ coi iforms per ml range.

If co-cen trifu gation of the coliform bacteria with
I excess numbers of ~~jp~yj~coccus eni derm idis is to be used
I as a concentration technique , It had to be shown t h a t  t h e

presence of St a~oh. ~p i der m i dl s  in  the d ro p le ts di d not
Interfere wi th vfsua li zation of fluorescence. To this end ,
increasing concen trations of Staph. epi dern idls were added
to a col iform suspension and the èffect on the number of
fluorescen t droplets determined. Results shown on Table
4 indIcate that large excesses of a bacteri um without B-fl-
galactos idase activity within the droplets do not invalidate
the rap id co li form detect ion procedure .

I - - 

-

- 

. 

V

_  
- V 

_ 

V 

_ 

--- - -- - -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _  

-

~~~



. 24

1~ 
- .  - - . . - • - - - .- - - - : • - --.~ -p--— - V - - -

- 

TAI3IE 4

L Effect of In ’reas lng Sta phy lo coccus  epid erm i di s
Concen t r a t i on  of the Percen ta ge of F l u o r esc ent
Droplets Derived from a Col iform Suspension

I (S x 106 or ga n i ._ sms per ml ).

Optical Density of Percentage of Standard
Staph. epidern idis Fluorescent Deviat ion

I ~O.5 00 2 x 108 Drop lets
organisms per ml)

Lactate medium only 18.5 6.3

0.1 21.5 6.9

j 
1: 0.3 17.2 6.1

::: V

Mean 21.0 6.8
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SUMMARY A UD COU CL US IO~iS

The experimental program has verified the test data of
Rotman in that s ingle coliforin bac ter ia , conta ined in micro-
d ro p le t s , can be visuall y detected on a microscope slide , In
a background of non colifor m bacteria. Further , we have demon-
strate d that visual detection using the fluorescence tech-
ni q ue , can be made in < 1~ 5 hour~ . We have also demonstrated
that col iforris , in the lOZ~ to 1 0-’ bacterial /mi range can be

J quantified.

Methods to reduce the quantification level below iO~bacteria/mi have been briefly examined experimentall y .
( Emphasis was placed on samp le concentrat ion as the prefer-

red me thod of lowering the quantification level. Filtra-
t ion , usin g microporous fi l ters for sample concentration ,
was foun d to be unreliable. Co-centr i fuoation using
St a p hy lococcus  eJ?j dermidis, was found to be promising, at
least to the b O x  concentration level.

Mos t of the experimenta l effort was conducted us inq
E. coil Neo type , the coliform strain believed to be most

( representat ive of the co l i form c lass  of bacter ia .  A br ief
se r i e s  of tests , u s i n g p r i m a r y t r ea ted sewa ge s a m p l e s , f~~dicated tha t the fluorescence method !IL~~ 

h e l ess succe pt a b le
to co liform count ing errors than convent ional  methods .

Based upon the test  resul ts  presented here in and
certain preliminar y concepts presented to cognizant con-
tract personnel , it is our concl usion that (1) quanti-
ficatIon can be reduced to the 2 col i forns p er ml level
specified by the EPA and (2) the tech nique can be modified
to reduce detection and quantification time to less than

V one hour.
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